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A Dream Comes True
Crude oil is the raw material used to produce most plastics. What if one 
could conserve this limited resource and use carbon dioxide instead, 
which is available in abundance? For decades, chemists have considered 
this alternative a “dream reaction”, but now it is close to reality.

 THE RAW MATERIAL CARBON DIOXIDE 
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What Affects the World

Experts at the CAT Catalytic Center of the RWTH Aachen University are supporting the work of researchers at Bayer Technology 
Services and Bayer MaterialScience and as such are making a major contribution to the success of the project.



17technologysolutions  1 / 2010

arbon dioxide (CO2) is considered the 
biggest polluter of all. However, if we 

are to believe the experts, this greenhouse gas will assume 
the role of a penitent in the near future and as a valuable 
raw material will ensure sustainable business development. 
CO2 is to be integrated into the molecular structure of plas-
tics and thus reduce the use of crude oil in the production of 
these indispensable engineering materials. With this devel-
opment, specialists could pave the way for a meaningful use 
of this pollutant. And let us not forget that if less crude oil is 
consumed in production processes, the dependence of the 
chemical industry on this fossil raw material is also lowered. 
It is clearly a win-win strategy, also considering the fact that 
reserves of fossil raw materials are rapidly diminishing. 

For this reason, scientists have long been searching through-
out the world for alternatives that could replace crude oil alto-
gether or only individual building blocks of the long molecular 
chains. But for decades this idea has only remained a theory 
because, in technical terms, the conversion of a chemical com-
pound into a raw material for plastic synthesis is an enormous 
challenge. In the past numerous experts have all failed in their 
attempts to accomplish this conversion. 

In contrast, researchers at Bayer Technology Services and 
Bayer MaterialScience have succeeded in taking a crucial 
step forward that could eventually make this dream become 
reality. One of these experts is Dr. Aurel Wolf, a chemist who 
is researching in the Reaction Engineering & Catalysis global 
competence center at Bayer Technology Services. “The basic 
problem is that carbon dioxide molecules are very stable and 
thus slow to react,” says Wolf and then adds a simple expla-

nation of this complicated scientific fact: “The carbon atom 
and the two oxygen atoms are tightly bonded to form CO2. 
That makes it very difficult to integrate the inert trio into plas-
tic molecules.”  

What helps is activation energy, which allows chemical re-
actions with different partners. However, if the expenditure 
of energy is too big, the whole process becomes uneconomi-
cal. This has long been the case with carbon dioxide. As a 
consequence, chemists have always referred to a “dream re-
action”, when it was a matter of processing the small mole-
cule into syntheses. This reaction has now been successfully 
achieved with the help of catalyst research.  

Catalysts can reduce the activation energy  – and, as a result, 
make chemical processes more efficient. They can even make 
reactions feasible that would never possibly occur of their 
own accord. The use of CO2 leads to a process under pressure, 
which is vastly different from conventional plastic production 
processes.  

The experts at Bayer Technology Services know all about 
catalysts and reactions under pressure. They already began 
with the first experiments in 2005. Over the years, the col-
laboration with colleagues from Bayer MaterialScience was 
steadily intensified, as the Bayer Business Area is a potential 
customer for carbon dioxide. The chemical compound can 
be incorporated into polyols. The result are poly ether poly-
carbonate polyols (PPP), which can serve as raw materials 
for the production of polyurethanes. These plastics are near-
ly universally applicable. They insulate buildings and refrig-
erators, ensure top-quality seating comfort and make cars 
lighter. In their search for a catalyst, the team did not have 

 C

“Nowadays, catalysis is the most 
important cross-functional tech-

nology in the chemical industry. It 
is used for the production of more 

than 85 percent of all products.”
Researcher Dr. Aurel Wolf, Bayer Technology Services



18 technologysolutions  1 / 2010

What Affects the World

to start from zero. In 1969 Japanese researchers already 
showed that one can in principle activate CO2 with a catalyst. 
“However, the speed of the reaction was extremely poor,” 
says Wolf. The advances in the following decades were rath-
er modest. This changed radically in 2008, when the Bayer 
researchers succeeded in achieving the first important step 
on the way to the right process.  

2009 then marked the beginning of a project supported by 
the German Federal Ministry for Education and Research 
(BMBF) and called “Dream Reactions”. The focuses of this 
project were the search for an improved catalyst and a better 
understanding of its principle mode of action. In addition to 
various other university partners, the CAT Catalytic Center of 
the RWTH Aachen University participated in the project, 
which Bayer Technology Services and Bayer MaterialScience 
managed together with the RWTH Aachen. 

Just under a year later the project partners are already able to 
announce some first successes. This outcome is not only a 
small sensation for the participants, but also for professional 
circles. “In the meantime we have found catalysts that appear 
very promising,” says Wolf. The key to the success is the good 
teamwork with the colleagues from Bayer MaterialScience, 
“without this we never would have progressed so far so 
quickly”. He says this without the emotion usually attached 
to a sense of accomplishment. It was almost as if a fruit farm-
er remarks that the harvest was good:  satisfied, but not at all 
euphoric. 

Listening to Wolf, one would be more likely to gain the im-
pression that it was mostly a matter of painstaking detective 
work. It was indeed very difficult to educe from him that it 

was equally as much a question of resourcefulness and also 
of drafting the next, still better catalyst with the help of pro-
found expertise in chemistry.   

In the meantime Wolf and his team have tested some 200 differ-
ent catalysts. For this work they have specially installed a re-
action apparatus in their laboratory. Over and over again they  
brought together CO2 and propylene oxide in this apparatus – 
each time with a different catalyst – and then heated the mix-
ture. After a certain reaction time, they checked not only how 
much PPP was present, but also determined how much CO2 
was really incorporated in the polymer molecule at the end of 
the reaction. A maximum of 43 percent by weight is theoreti-
cally possible. At the beginning of the experiments the re-
searchers were still far off from this goal and only managed 
to obtain a few percent; in the meantime, we have markedly 
cleared double-digits, says Wolf.

This good result heralded the start of the next step: the 
transition from the laboratory scale to technical scale pro-
duction in a pilot plant. In May 2010 construction of this pilot 
plant began in the ChemPark Leverkusen, in which sample 
amounts of PPP were to be produced for project-internal test-
ing. Not only Bayer Technology Services, Bayer Material 
Science and the CAT worked in close cooperation on this sub-
sequent project, christened “Dream Production”; a further 
partner joined the team: RWE Power. 

The biggest producer of electricity in Germany will provide 
the carbon dioxide for the planned “Dream Production”. It 
will be supplied from the lignite-fired power plant in 
Niederaussem. Here, the energy provider obtains gas in its 
Coal Innovation Center from flue gas in the first CO2 scrub-

“The use of carbon dioxide as a 
raw material for polymers paved the 
way for a change of sources – away 
from fossil energy carriers to alter-
native sources.”

Dr. Christoph Gürtler, Bayer MaterialScience
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The new catalyst developed by Dr. Aurel Wolf and his team looks a lot like flour. With its 
help, it will be possible to use carbon dioxide as a raw material in plastics production.



Polyurethanes (PUR) are a class of materials that are particularly exceptional due to their diverse application possibilities. 
PUR foams are found in modern upholstered furniture (above) as well as in the soles of sport shoes.
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bing plant in Germany. And so the project now covers the en-
tire value-added chain – from the raw material source (the flue 
gas cleaning) to the final product (polymers). As with the orig-
inal “Dream Reaction” project, “Dream Production” will also 
be supported by the BMBF. Over a three-year period, the Ger-
man Ministry will invest more than €4.5 million in the project.

With this new milestone, the role of  Bayer Technology Ser-
vices will also change. “The task of the first project was to 
search for a suitable catalyst and the right reaction control,” 
says Wolf. With the “Dream Production” the contribution of 
the technology service provider is quite different. Bayer 
Technology Services can now also offer its know-how in en-
gineering and construction as well as in process design. For 
example, the company will contribute, among other things, 
the reactor and safety concept. “We feel that with Bayer Tech-
nology Services we have the right partner on board for this 
job,” says Dr. Christoph Gürtler, “Dream Production” Project 
Manager at Bayer MaterialScience. This shows once again 
how important the right partners are and intensive collabora-
tion is for the success of an intricate new process.  

If at the end it should prove to be possible to integrate carbon 
dioxide in a polyol like PPP and therefore in plastics like poly-
urethanes, two advantages are clearly evident: The carbon 
dioxide that is used will not be emitted into the atmosphere 
and crude oil as a raw material for polymer synthesis can be 
spared. 

But the dream reaction can presumably allow still more. 
“An eco-efficiency analysis, which can quantify the total util-
ity of a synthesis with a raw material like CO2, should show 

whether the entire process requires less energy overall than 
conventional polyol production,” says Professor Walter Leit-
ner from the RWTH Aachen University.

And the work for the other project partner also continues. 
At Bayer MaterialScience researchers are currently investi-
gating whether PPP may offer an additional benefit for poly-
urethanes and can perhaps even lead to improved product 
properties.

Aurel Wolf and his team are continuing to work on a further im-
provement of their catalysts. The aim is still to bring the por-
tion of carbon dioxide in the PPP as close as possible to the 
maximum of 43 percent by weight. After all, one thing is ab-
solutely clear: the higher this portion, the bigger the ecologi-
cal benefits.  

At present more than half a billion liters of crude oil are 
processed for the production of polymers – every day. This is 
a comparatively small share in total crude oil consumption, 
but every saving is welcome. And each carbon atom in a poly-
mer that stems from carbon dioxide can save the raw mate-
rial crude oil. 

Besides this ecological benefit, the “Dream Production” 
project also offers the possibility to develop innovative prod-
ucts and thus to strengthen the added value of these sectors.  
If the “Dream Production” should one day be established 
throughout the industry and the separation of carbon dioxide 
from flue gas should become routine, then the white clouds 
typically billowing over coal-fueled power plants would be 
completely free of carbon dioxide. And then the next dream 
would certainly come true.

“It is exceptional that in the field of 
CO2 utilization, the entire value-added 

chain from the source to the final 
product is united in a single project. 
This offers enormous possibilities.”

Prof. Walter Leitner, RWTH Aachen




